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@ Electrostatic waste separation process. 



@ An electrostatic waste separation process for 
abrasive blasting residues containing an abrasive 
media and a hazardous material such as lead-based 
paint. A preconditioning stage as well as a postcon- 
fMdItioning stage is used in addition to the electrostatic 
<^ separation step. Preferably the preconditioning stage 
^consists of the following steps: (a) a size classifica- 
^tion step: <b) a ferromagnetic separation step; and 
00(0) a gravity separation step. The concentrated haz- 
l£^ardous material separated by this process can then 
00 be packaged in a container which can be safely 
CO transported, stored or disposed of. The nonhazar- 
Qdous blasting media may be recycled and reused or 
disposed of as a nonhazardous material. 

Qm 

Ul 



Xerox Copy Centre 



1 



EP 0 385 310 A1 



2 



ELECTROSTATIC WASTE SEPARATION PROCESS 



REFERENCE TO RELATED APPLICATION 



This application is a continuation-in-part of 
copending U.S. Patent Application Serial No. 
07 271.608. fited on November 15. 1988. 



FIELD OF THE INVENTION 



The present invention relates to an electrostatic 
waste separation process. More particularty. it re- 
lates to an electrostatic separation process de- 
signed to remove or mlnimtze the hazardous waste 
component of abrasive blasting residues containing 
lead-based paint. 



BACKGROUND OF THE INVENTION 



During routine maintenance on various struc- 
tures such as bridges or buildings, the previous 
paint coatings are abrasively renrwved to provide a 
secure surface for the new primer and topcoat 
systems. Typically, abrasive blasting is used once 
the existing paint coating on a structure has dete- 
riorated beyond repair. In abrasive blasting, a 
stream of high pressure air is used to carry the 
abrasive particles to tt\e structure surface at a high 
speed. The impact of the abrasive with the surface 
chips off the old paint coatings and cleans the steel 
surface providing an excellent base for applying 
the new coating. The spent abrasive particles com- 
bined with the paint chips fail to the ground where 
it traditionally was raked up and either disposed of 
at the job site or dumped in sanitary landfills. 

Recently, a crisis has emerged in the field of 
abrasive blasting as State and Federal environmen- 
tal regulators have identified the blasting residue as 
a potentially hazardous waste due to the lead- 
based paint used to paint various structures in past 
years. Estimates vary, but typically 50-75% of all 
residues from tank and structural steel blasting fail 
the EP (extraction procedure) Leach test used by 
the U.S. EPA (United States Environmental Protec- 
tion Agency) as one of the methods to characterize 
potentially hazardous waste material. Although lead 
is the most common toxic metaf identified in abra- 
sive blasting residues, they may also contain ele- 
vated amounts of chromium, arsenic, mercury, and 
other hazardous materials, possibly in concentra- 
tions sufficient to result in an unsatisfactory deter- 
mination in the EP Leach test. 



Two types of problems are associated with the 
abrasive blasting of paint from structures. First, the 
spent abrasive particles and the removed paint 
must be contained during blasting and second, the 

5 blasting residue must be disposed of properiy. The 
problem of containment can be achieved by var- 
ious engineering controls presently available. The 
present invention helps in accomplishing the prob- 
lem of disposal. 

;o Cunrently. hazardous waste disposal is very 
expensive. Moreover, new regulations are expected 
which will increase tiie cost of hazardous waste 
disposal and encourage efforts to reduce tiie vol- 
ume of hazardous waste by treating it prior to 

/5 disposal to remove as much nonhazardous waste 
as possible. The reduction in the amount of haz- 
ardous waste becomes a paramount consideration 
as available capacity in approved hazardous waste 
landfills is rapidly depleted. 

20 Moreover, even when the residue from blasting 
does not contain hazardous material, it is often 
desirable to reuse or recycle the paint chips and 
the abrasive particles for economic savings. How- 
ever, the recycled abrasive particles lose tiieir ef- 

25 fectlveness as the paint content increases. There 
are various devices that reprocess abrasive resi- 
dues, generally using a mechanical sizing process. 
See the article entitied "Current Blasting Technol- 
ogies**, by John Lunardini. at pp. 93-108 of the 

30 Lead Paint Removal Proceedings of the SSPC 
Symposium , Vol. SSPC 88-01 (1988) published by 
tiie Steel Structures Painting Council. A significant 
improvement over tiiese devices would be obtained 
if tiie paint particles could be separated from tiie 

3S abrasive media. However, the variable nature of the 
residue materials from different sites which result 
from differing paint compositions, rust and iron 
contamination, as well as the varying blasting abra- 
sives used, complicates the physical separation of 

40 the abrasive particles from the paint residue and 
prevents the separation from being economically 
and feasibly achieved. 

It would be technically desirable, as well as 
economically and environmentally prudent, to have 

4S an efficient metiiod of separating the hazardous 
paint component from the recyclable, reusable, or 
otherwise safely disposable blasting abrasive me- 
dia. 

so 

SUMMARY OF THE INVENTION 



Generally, the present invention provides a 
waste separation process for physically removing 
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waste materials from the residue of abrasive blast- 
ing. The waste treatment process is particularly 
useful for removing hazardous materials such as 
lead, in the form of lead-based paint chips from a 
targe volume of residue containing mainly the abra- 
sive blasting media. Generally, the treatment pro- 
cess comprises a preconditioning stage and an 
electrostatic separation stage. The preconditioning 
stage can be comprised of several different steps 
depending upon the amount and type of process- 
ing that is necessary to prepare the residue for the 
electrostatic separation step. 

Preferably, the treatment process for the waste 
abrasive blasting media contaminated with haz- 
ardous paint chips consists of several steps which 
include: (a) size classification: (b) ferromagnetic 
removal: (c) gravity separation: and (d) electrostatic 
separation. After separation, the concentrated haz- 
ardous material can be packaged into a suitable 
container within which it can be safely stored or 
disposed of. Steps (a), (b) and (c) comprise the 
preconditioning stage and may be performed in 
any order depending on the specific material being 
treated to optimize the overall separation process. 
Moreover, the ferromagnetic separation step and 
the electrostatic s^aration step can be combined 
in one step, but preferably are separate steps. 
Additionally a postconditioning stage such as pack- 
aging can be added to the process after the elec- 
trostatic separation if it is necessary or desired to 
further process the residue depending upon the 
specific application. 

The size classification step may be performed 
in either a wet or dry state to separate coarse 
particles from fine particles. Wet processing has 
the advantage that it controls fugitive dust emis- 
sions while dry processing has the advantage of 
not leaching any of the lead or other hazardous 
compounds contained in the residue. Various size 
classification methods may be used such as 
screening, air cycloning, hydrocycloning. air clas- 
sifying and so forth. Dry screening is the preferred 
method due to its efficiency and process flexibility. 
It also does not require a water treatment step for 
the removal of dissolved lead. Moreover, multiple 
stages of screening may be employed to segregate 
particular size fractions according to their toxic or 
paint-containing characteristics. 

The ferromagnetic removal step preferably pro- 
vides for the separation of Iron bearing magnetic 
materials which are often attached to lead-based 
paint particles from the abrasive media. This step 
may also be performed either wet or dry. Wet 
processing controls fugitive dust'emissions where- 
as dry processing does not leach any of the haz- 
ardous materials. Various ferromagnetic separation 
methods may be used such as roll or drum separa- 
tors, belt separators, pulley separators, overhead 



magnets and so forth. The primary purpose of the 
ferromagnetic separation step is to remove the 
tramp iron, ferrous trash, steel particles and fer- 
romagnetic iron oxides removed from the structure 
5 during blasting which may have a negative effect if 
present during the other process steps. This step 
typically involves the use of low magnetic field 
strengths because the material removed is highly 
magnetic. 

w The gravity separation step provides for par- 
ticle concentration as a result of the differences In 
the apparent density of the different materials in 
the residue, mainly the ^ paint particles and the 
abrasive media particles. The apparent density is 

IS influenced by the specific gravity, shape, texture, 
and size of the particles. A variety of wet and dry 
gravity separation methods can be used including, 
but not limited to. air and wet tabling, air and wet 
jigging air and wet separation by elutriation, or 

20 settling devices. As mentioned above, the wet 
methods control dust emissions, but are less effi- 
cient for separating the paint particles from the 
abrasive media than dry processing in most in- 
stances. Dry processing methods avoid the leach- 

25 ing of lead as well as the water handling and 
disposal problems. Dry air tabling is the preferred 
method because of its separation efficiency, the 
elimination of potential for lead leaching, and the 
drying potential it offers when treating damp feed 

30 material. At least two products are produced by 
gravity separation including one product which is 
more concentrated in residue paint chips and one 
product which is less concentrated in residue paint 
chips. 

35 The electrostatic separation step provides for, 

further paint particle concentration based on the 
differences in the surface electrical conductivity of 
the residue paint particles and the residue blasting 
particles. This separation may involve high or low 

40 intensity electrostatic field strengths (i.e. 20KV to 
50KV) depending on the characteristics' of tiie paint 
particles and the blasting media, however a high 
voltage tield strength Is preferred. 

Rnally. the hazardous paint particles can be 

45 packaged for storage, disposal, or possible further 
treatment in a postconditioning stage. The amount 
of paint-rich hazardous material collected will often 
be only 10-25% by weight of the original amount of 
waste material. 

50 Other details, objects and advantages of the 
present invention will become more readily appar- 
ent from the following description of a presentiy 
preferred embodiment thereof. 

55 

BRIEF DESCRIPTION OF THE DRAWING 
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In the accompanying drawings, a prefenred em- 
bodiment of the present invention is illustrated, by 
way of example only, wherein: 

Figure 1 is a flow chart of a prefenred em- 
bodiment of the separation process according to 
the present invention; and 

Figure 2 is a schematic diagram of the sepa- 
ration process shown in Figure 1 . 



OESCRIPTIOIM OF THE PREFERRED EMBODI- 



MENT 



The preferred treatment and separation pro- 
cess for residue abrasive blasting material contan- 
ing lead-based paint comprises the steps shown in 
Figure 1. namely: (a) a particle size classification 
step 10; (b) a ferromagnetic separation step tl; <c) 
a gravity separation step 12; and (d) an electro- 
static separation step 13. Finally, a packaging step 

14 can be added for the disposal or storage of the 
hazardous lead-based paint component separated 
by the present invention. Additional post-process- 
ing steps can be used instead of or in addition to 
packaging step 14. Preferably, the preprocessing 
stage comprises particle size ctassiftcation step 10. 
ferromagnetic separation step 11 and gravity sepa- 
ration step 12. Other preprocessing steps can also 
be used. Moreover, while the preferred order of 
steps 10-12 is shown in Figure 1. these steps can 
be performed in different orders. 

In the preferred embodiment shown in Figure 
2. a dry abrasive blasting residue 15 consisting of 
an abrasive media, such as slag, sand, garnet, 
steel shot etc.. and paint chips removed from a 
steel structure such as bridges, tanks, ships, ve- 
hicles, buildings, etc. is conveyed to a feed hopper 
(not shown) which regulates the flow of the residue 

15 to the size classification step 10. The conveying 
method may be shoveling, mechanical conveying, 
air eduction or any of a variety of otiier conveying 
methods. 

The size classification step 10 preferably con- 
sists of separating the feed mixture into 3 screen 
fractions by proper selection of 2 sizes of sieves. 
Typically, a 1/4 inch sieve 16 and a 9 mesh (U.S. # 
10) sieve 17 are used to produce 3 screen frac- 
tions, namely +1/4 inch, -1/4 inch to +9 mesh, 
and -9 mesh. The specific weight distribution of 
material in the screen fractions may vary depend- 
ing on the size of the sieves used and the feed 
material as will become apparent from the following 
discussion- The first screen fraction 16A ( + 1/4 
inch) is the coarse material which consists primarily 
of trash, gravel, stones, branches etc. picked with 
the residue. This material 16A is primarily non- 
hazardous waste and represents only a small frac- 



tion of tiie residue 15. The second screen fraction 
17A (-1/4 inch to + 9 mesh) consists mainly of the 
coarse paint particles in the residue 15. Screen 17 
is selected to pass essentially all of the abrasive 

5 media 17B while the coarse paint particles 17A are 
discharged to the hazardous material storage con- 
tainer 20. The third screen fraction 178 (-9 mesh) 
Is independentiy conveyed by chutes, air eduction 
or conveyers (vibrating, screw, belt etc.) for furtfier 

10 processing. 

The ferromagnetic separation 11 is performed 
by a magnetic separator 21 and involves passing 
third screen fraction 178 over a comparatively low 
intensity magnet to exti-act the ferrous objects such 

75 as wire, magnetic iron oxides, steel filings, etc. One 
way of doing this is to place a magnetic drum 19 
discharging to gravity separator 23. The magnetic 
drum 19 redirects the ferromagnetic material to an 
alternate container 19A for disposal. Depending on 

20 the character of the feed material, this product may 
or may not be hazardous depending on whether 
tiie ferromagnetic rust and or steel tiiat is extracted 
is contaminated witii paint containing lead. This 
step may be performed before or after the size 

25 classification step 10 but preferably is performed 
prior to the gravity separation step 12, i.e. after the 
residue has been conveyed to separator 23 but 
before it is passed through screen 18. 

The gravity separation step 12 may be per- 

30 formed on unclassified feeds. In tiiis mode, the 
gravity concentration tends to classify the feed into 
large heavy particles of abrasive suitable for reuse 
and a paint concentrate mixed with fine abrasives. 
A middlings product is recirculated in the process. 

35 Classified feeds wilt improve the separations 
achieved, but at generally increased cost and lower 
throughput 

The air table gravity separator 23 produces 
three products; an intermediate paint concentrate 

40 23A, a middling product 238 (mixture of paint and 
abrasive) and an abrasive product 230. The abra- 
sive product 230 is essentially free of paint chips 
and can be discharged to tiie nonhazardous stock- 
pile 24 or a separate container. The middling prod- 

45 uct 23B representing up to 3 times the new feed 
material flow to the air table is continuously recir- 
culated to the gravity separator 23 for reproces- 
sing. The intermediate paint concentrate 23A is 
discharged and conveyed to the electrostatic sepa- 

50 ration step 13. The intermediate paint concentrate 
23A contains a significant amount of abrasive me- 
dia. Although this material may pass the EP Leach 
test as a nonhazardous material, it is desirable to 
further concentrate this stream to achieve the maxi- 

55 mum recovery of the abrasive media for reuse. The 
gravity separation step 12 tends to classify material 
by coarse heavy material (larg abrasive particles) 
and fine light material (paint flakes and fine abra- 
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sive). An optional screen 18 will remove the larger 
paint particles ISA while passing the fine abrasive 
and paint particles 18B to the electrostatic separa- 
tion step 13. 

In the case of many materials used for abrasive 
blasting, the blasting media is weakly conductive in 
an electrostatic separator 25 while the paint fraction 
that is not contaminated with rust, iron compounds, 
etc.. is nonconductive. The electrostatic separation 
step 13 separates and discharges the nonconduc- 
tive paint to the hazardous material collector 20 
while directing the blasting media to the nonhazar- 
dous stockpile 24. Generally, a two stage electro- 
static separation is used to achieve the desired 
volume and weight reduction levels although a sin- 
gle stage separator may be sufficient. 

In at] cases where the materials are being 
processed dry. dust collection is necessary due to 
the toxic paint particles present In the fine dust. 
The fine airborne paint particles may contain a 
significant amount of lead and are collected by a 
dust collector 26 and discharged to the hazardous 
materials container 20. 

The following is a description of an example of 
the process of the present invention as actually 
used on a batch of abrasive blasting material con- 
taminated with lead bearing paint chips. The resi- 
due consisted of coal slag abrasive particles and 
paint chips consisting of lead-based primer with a 
topcoat paint The coal stag particles consisted of a 
glassy aluminositicate slag containing approximate- 
ly 8% iron in the slag. The paint chips consisted of 
multiple layers of paint including a lead base prim- 
er and various top coat layers. These paint chips 
contained lead, zinc, aluminum, silicon, magne- 
sium, calcium, zirconium, and various other trace 
elements in the pigment and filler systems used. 
The bulk analysis of the residue showed that lead 
was the principle heavy metal contaminant at ap- 
proximately 0.3% concentration. This sample yield- 
ed a lead extraction of 9 ppm lead on the EP 
Leach test (5ppm or greater Is considered to t^e 
hazardous material). The bulk density of the ma- 
terial was approximately 95 pounds per cubic foot. 
The initial dry weight was 6.6 Kg. 

The sample was thoroughly blended and 
screened at 1/4 inch. The +1/4 inch material con- 
sisted of various trash items such as gravel, 
stones, branches, matchbooks, etc., raked up with 
the residue. The trash amounted to 33 grams 
(0.5% of the original sample weight). The -1/4 inch 
material was screened using a 9 mesh screen. The 
-1/4 inch to +9 mesh material consisted of essen- 
tially all the paint with some abrasive and fine 
gravel. This material weighed 46.6 grams (0.7% of 
the original sample weight). This material is clearly 
hazardous waste due to the paint concentration. 
Typically this material contains 3-10% lead. The -9 



mesh material was passed over a low intensity 
magnet which removed 286.4 grams of rust and 
steel (4.3% of the original sample weight). 

The nonmagnetic material was passed over a 
5 1.7 square foot deck air separator table. This dry 
gravity table provided particle separation by 
fluidization. i.e. by stratification of dry granular par- 
ticles in a rising cunrent of air. Th© separatiori was 
made on a porous deck surface of fabric or perfo- 

10 rated metal. The heavier particles sunk to the bot- 
tom of the fluidized bed. A straight line vibrating 
motion imparted to the deck carried these heavier 
particles away from the lighter particles which float- 
ed in the air stream. The deck was sloped in two 

/5 directions, from feed to discharge and from light 
end to heavy end. The heaviest particles were 
conveyed up the slope and forced off the deck at 
its upper side. The abrasive particles in the residue 
migrated to the "heavy" side of the air separator 

20 table while the paint chips migrated to the "light" 
side of the table discharge. The middlings product 
consisting of a mixture of paint and abrasive par- 
ticles were recirculated to the table feed. The mid- 
delings were recirculated at approximately 1.5 

25 times the feed rate of new material to the table. For 
this example, table production rates were approxi- 
mately 375 pounds per hour of combined abrasive 
and paint products. The abrasive product from the 
air table was a final product consisting of 2.5 Kg. 

30 (37.3% of the original .weight) reporting less than 1 
ppm lead on the EP Leach test. 

The light material was conveyed to a two stage 
electrostatic separator. The electrostatic unit con- 
sists of a 10 Inch diameter drum with approxi- 

35 mately 6 inches of working width. A lifting electrode 
was positioned approximately 2 inches from the 
surface of the drum and approximately 30 degrees 
rotation beyond the point where feed material was 
introduced onto the drum. The feed rate, drum 

40 speed, and lifting electrode positions can be varied 
and the values used depend on the characteristics 
of the feed material. In this example, the DC volt- 
age between the drum and the lifting electrode was 
35 KV. the drum speed was 45 RPM. and the feed 

45 rate was 1 5.9 Kg of drum width. 

Three products were produced in the first 
stage of the electrostatic separator. A nonconductor 
consisting essentially of paint weighing 73.3 grams 
(1.1% of the initial feed weight) and a middlings 

so product consisting of a mixture of paint and abra- 
sive weighing 819 grams (12.2% of initial feed 
weight) and a conductive product consisting of 
essentially fine abrasive material and a small 
amount of paint. The conductive product from 

55 stage 1 was passed over a second electrostatic 
separator yielding a nonconductive paint product of 
33.3 grams (0.5% of the initial feed weight), a 
middling product weighing 619.4 grams (9.2% of 
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the initial feed weight) and a conductive abrasive 
product weighing 2.28 Kg. (34.2% of the original 
feed weight). This material reported 1.7 ppn> lead 
on the EP Leach test. 

Therefore, in this example, of the original haz- 
ardous material, 72% was recovered as nonhazar- 
dous material suitable for reuse. The hazardous 
materials constitute 28% of the original material. 
Commercialiy. the paint bearing products would be 
properiy packaged and disposed of in an approved 
landfill for hazardous wastes and the abrasive me- 
dia would either be recycled and reused or dis- 
posed of in an approved landfill. 

WYiWe a presently preferred embodiment of 
practicing the invention has been shown and de- 
scribed with the accompanying drawings, the in- 
vention may otherwise be embodied within the 
scope of the following claims. 

Claims 

1. A dry abrasive blasting residue separation 
process wherein a nonmetallic abrasive blasting 
material is separated from the blasting residue 
comprising: 

(a) a size classification step to eliminate 
large objects from the abrasive blasting residue 
and to concentrate the residue for further process- 
ing; 

(b) a ferromagnetic separation step to re- 
move ferrous objects from the blasting residue 
which would interfere with further processing of it 

(c) a gravity separation step to reclaim large 
particles of the nonmetallic abrasive blasting ma- 
terial from the blasting residue and to concentrate 
the fine blasting residue containing fine particles of 
the nonmetallic abrasive blasting material and non- 
conducting paint particles; and 

(d) an electrostatic separation step to reclaim 
the fine particles of the nonmetallic ai>rasive blast- 
ing material and separate it from the fine noncon- 
ducting paint particles. 

Z. The separation process as described in 
claim 1 wherein the electrostatic separation step is 
accomplished using a two stage electrostatic sepa- 
ration. 

3. The separation process as described in 
claim 1 wherein the nonmetallic abrasive blasting 
material is selected from the group consisting of 
sand, slag and garnet. 

4. The separation process as described in 
claim 1 wherein the paint particles contain lead. 

5. The separation process as described in 
claim 1 wherein the size classification step sepa- 
rates the blasting residu into three screen frac- 
tions. 

6. The separation process as described in 



claims 1 wherein the ferromagnetic separation step 
utilizes low intensity magnetic rields. 

7. The separation process as described in 
claim 1 wherein the gravity separation step is ac- 
5 complished using an air table. 
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